We report the case of a 49-year-old patient who developed brain, sternal, and spine metastases almost simultaneously after the radical resection of a yp-T4N0M0 pulmonary pleomorphic carcinoma of the right upper lobe following induction chemotherapy. The left occipital brain metastasis was surgically removed and followed by radiation therapy. The sternal and vertebral metastases were treated with radiation therapy. Concurrently, the immune checkpoint inhibitor nivolumab was administered. After 12 cycles of nivolumab, the two bone metastases were well-controlled. However, the brain metastasis recurred and was surgically removed again. We were able to investigate the tumor-infiltrating lymphocytes in brain metastases resected before and after radio-immunotherapy. The results revealed the increased number of CD8-and CD68-positive cells after the combined therapy compared with before the therapy. In addition, the high-level expression of program death-ligand 1 was maintained in the brain metastasis.
Introduction
Pleomorphic carcinoma is a rare type of poorly differentiated non-small cell lung cancer (NSCLC) that belongs to sarcomatoid carcinoma. The incidence is estimated to be 0.3-1.3% of all lung malignancies. It exhibits aggressive behavior and resistance to chemotherapy and radiotherapy.
Radiotherapy in combination with immune checkpoint inhibitors, such as anti-program death-1 (PD-1), anti-program death-ligand 1 (PD-L1), and cytotoxic T lymphocyte-associated molecule-4 (CTLA-4) antibodies, consistently improved local tumor control, improved systemic tumor control (abscopal effect) [1] , and led to the induction of specific anti-cancer immunity with a memory effect.
We report a patient who developed brain and bone metastases treated by concurrent irradiation with an anti-PD-1 immune checkpoint inhibitor. The clinical and pathological responses at each metastatic site were investigated.
Case
A 49-year-old man with a 1-month history of general fatigue and a 65 pack-year smoking history presented to the emergency department with an acute onset of shortness of breath in August 2015. Chest-computed tomography (CT) revealed a 128 × 65-mm mass lesion in the upper lobe of the right lung accompanied by chest wall invasion. He was diagnosed with clinical T4N2M0, stage IIIB lung adenocarcinoma (8th Edition of the TNM Classification for Lung Cancer) based on the results of bronchoscopy, positron emission tomography (PET), and brain magnetic resonance imaging (MRI).
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Tissue staging of the mediastinum was not performed. The level of tumor markers was not elevated.
The clinical history and therapeutic interventions are shown in Fig. 1 . After induction chemotherapy composed of three cycles of cisplatin, pemetrexate and bevacizumab, and one additional cycle without bevacizumab, right upper lobectomy with systematic lymph node dissection and combined chest wall resection including the third-to fifth ribs were performed, and the defect of the chest wall was reconstructed with 2-mm-thick expanded polytetrafluoroethylene (e-PTFE) dual mesh. The response to induction chemotherapy was stable disease (SD). The pathologic diagnosis was yp-T4N0M0, stage IIIA pleomorphic carcinoma. The postoperative course was uneventful, and two additional cycles of chemotherapy with carboplatin and nab-paclitaxel were administered.
The patient suffered from right homonymous hemianopsia in September 2016. Brain MRI revealed a 25-mm mass lesion in the left occipital lobe (Fig. 1) . The mass was successfully removed via craniotomy and diagnosed as recurrent brain metastasis in October 2016. One month later, he developed back and chest pain, and sternum and spine (T10) metastases were detected by PET with marked (18F)-fluoro-2-deoxy-d-glucose (FDG) uptake. Because of the high-level expression of PD-L1 in his tumor, he was treated as per the standard of care with a PD-1 inhibitor. Nivolumab was administered intravenously at a dose of 3 mg/kg of body weight every 2 weeks. A total of 12 cycles of nivolumab were administered between December 2016 and June 2017. After fully discussing the risks and benefits of concurrent radiation therapy with physicians, surgeons and radiation oncologist and obtaining informed consent from the patient, the 10th spine metastasis was treated with intensity-modulated radiotherapy (IMRT) of 45 Gy in 15 fractions (December 28, 2016 to January 23, 2017), the left occipital lobe of the brain with 3D Although PET revealed a markedly decreased uptake of FDG at the bone metastases, brain metastasis recurred at the resection margin. We performed re-craniotomy to remove this recurrent brain metastasis (Fig. 1) .
The results of immunohistochemical staining and EGFR mutation analysis are shown in Table 1 . High-and lowmolecular-weight cytokeratins (AE1/AE3) were positive and thyroid transcription factor 1 (TTF1) and carcinoembryonic antigen (CEA) negative in both primary lesion and brain metastasis. Morphologically, these lesions did not contain any components showing squamous or adenocarcinoma differentiation. CD8+ and CD68+ cells were significantly increased in the recurrent brain metastasis compared with the metastasis before radio-immunotherapy (Fig. 2) . PD-L1 expression was assessed using clone 22C3 (Dako, Carpinteria, CA, USA). However, the proportion scores of brain metastases resected before and after radioimmunotherapy were exactly the same value (both 75%). epidermal growth factor receptor (EGFR) mutations and anaplastic lymphoma kinase (ALK) fusion protein were not detected ( Table 1) .
As a high proportion score for the 22C3 PD-L1 assay of the recurrent brain tumor, pembrolizumab was started after the removal of the recurrent brain metastasis.
Concurrent nivolumab and radiotherapy did not induce unexpected adverse events except for the temporary malaise of grade II (CTCAE v4.0). Table 1 Immunohistochemistry and EGFR mutation RI radio-immunotherapy, NA not assessed a Immuno-reactivity was determined by the slide at low-to-intermediate power (×10, ×20 objective) to find the area of the highest immunoreactivity. A ×40 objective was then used to count positive cells. In the area with the highest activity, the number of staining cells was counted over ten consecutive high-power fields (HPF), and the mean number was compared ** p = 0.035, *** p < 0. 
Discussion
Recently, Kim et al. [2] reported that pulmonary pleomorphic carcinoma very frequently expresses PD-L1 and PD-L2. Thus, targeting the PD-1/PD-L1 pathway may represent a potential therapeutic candidate for this aggressive tumor. To date, there has been one case report on the marked response of stage IV pleomorphic carcinoma after 4 cycles of therapy with nivolumab [3] . According to the result of a secondary analysis of the KEYNOTE-001 phase 1 trial [4] , the previous treatment with radiotherapy in 42 patients (including 24 patients with thoracic radiotherapy) with advanced NSCLC resulted in longer progression-free survival and overall survival with pembrolizumab treatment than that seen in 55 patients who did not previously receive radiotherapy, with an acceptable safety profile. Moreover, acceptable tolerance in concurrent palliative irradiation with the anti-PD-L1 immune checkpoint inhibitor durvalumab was demonstrated in a phase 1/2 trial [5] . The optimal timing, sequencing, and dosing of these methods are a matter of intense research, but in clinical models, there has been no report on the safety of the concurrent administration of a checkpoint inhibitor and thoracic radiotherapy. When radiotherapy was applied to the tenth spine metastasis and sternum metastasis in our patient, the irradiation field was carefully determined so as not to be exposed to the lung parenchyma.
After induction chemotherapy and radical resection of the primary site, we performed concurrent radio-immunotherapy for three recurrent tumors in anticipation of improved systemic tumor control, i.e., the abscopal effect, as well as improved local tumor control. Long-term follow-up is currently ongoing, and to date (7 months after starting immunotherapy), there has been no sign of recurrence except in the brain.
Findings of recent non-randomized, open-label, phase 2 trial of pembrolizumab for patients with NSCLC and untreated or progressive brain metastases showed a brain metastasis response of 33%, and the responses were durable [6] . Despite these encouraging data, many patients did not respond to such immunotherapy in the brain or extracerebral sites. The available molecular, preclinical, and early clinical data on nivolumab and pembrolizumab support the conclusions that both drugs may well be interchangeable. However, in anticipation of the difference in affinity of antibody for ligand, we changed nivolumab to pembrolizumab. To overcome this situation, additional combination treatment will be necessary, especially in brain metastasis that might have a different disease biology than extracerebral metastasis. Recently, the PACIFIC study showed a significant increase in progression-free survival and no new safety signals with PD-L1 antibody durvalumab in patients with stage III, unresectable NSCLC previously treated with chemoradiotherapy [7] .
Radiation could also be helpful in promoting inflammation, enhancing the immunogenicity of brain tumors, disrupting the blood-brain barrier (BBB), and promoting increased antigen release [8] . The combination of radiotherapy and checkpoint inhibitors has been promising in preclinical trials, but has yet to show efficacy in humans.
In the present case, tumor margin recurrence in the brain occurred and was removed via re-craniotomy. Significant increases of cytototoxic T cells (CD8+) and macrophage/ dendritic cells (CD68+) were observed in the recurrent tumor compared with the tumor removed before radioimmunotherapy. The expression of PD-L1 was maintained at the same level. As a possible explanation for the recurrence in the brain after radio-immunotherapy, we suggest that the hypoxic cells resistant to radiotherapy appeared after hemostasis at the time of the initial removal of the brain metastasis.
In conclusion, a heterogenous response to concurrent radio-immunotherapy was observed between intra-and extracerebral metastases in a pulmonary pleomorphic carcinoma patient with higher PD-L1 expression. We histologically confirmed the significant induction of cytotoxic T cells (CD8+) and macrophage/dendritic cells (CD68+) in the brain metastasis after the concurrent therapy. This case report will help validate the use of radio-immunotherapy as a feasible option for the treatment of pleomorphic carcinoma of the lung.
